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tonnage distribution of U in the category of average crustal
rocks was derived from this figure, from estimates of the lith-
ology of rocks in the uppermost 1 km of crust, and from the
distribution of U in the several rock types. The tonnage dis-
tribution in the category of high-U granites is based on data
for U in uraniferous granites in the Colorado Front Range, the
Boulder Batholith, and the Granite Mountains. The distribu-
tion of U in black shales includes units that range in location
from eastern Tennessee to Texas and Montana. The Phosphoria
Formation of the western United States is used as a repre-
sentative of phosphatic rocks. Its tonnage greatly exceeds that
of other phosphate rocks in the United States. The distribution
of grades in the category of original inventoried U resources
was taken from an earlier ERDA (1977) report on this subject.
Very little high-grade U ore has been mined in the United
States. The indicated grade and tonnage of the richest ore is
a rough estimate based on conversations with mining geolo-
gists.

The several distributions in this figure have different mean-
ings. The grade-tonnage relation for average crustal rock is
determined by the area of the United States, by the 1 km depth
that was chosen for the calculations, and by the U content of
average crustal rocks. The actual contained U in average crustal
rocks is therefore almost certainly close to the indicated value
in Figure 3.2. The other distributions, however, represent
minimum values for the U content in the several categories.
Not all high-U granites, black shales, or phosphorites are rep-
resented in their respective grade-tonnage curves, because not
all rock units in these categories are known or have been ana-
lyzed. The category of original inventoried U resources in-
cludes only resources that were known when the 1977 ERDA
report was written, A reasonably accurate figure for total re-
sources will have to await the results of another century of
exploration. The tonnage of probable richest ore is a minimum
value for related reason. The true tonnage of U in all but the
average crustal rocks categories is therefore surely greater than
the tonnages indicated in Figure 3.2. However, because the
tonnage scale is logarithmic, the average shape of the distri-
bution curve will probably not be changed dramatically by the
acquisition of new analytical data and discoveries of additional
U ores.

The data in Figure 3.2 reinforce several impressions.

1.  The tonnage of U ores is small compared with the tonnage
of U in average or nearly average crustal rocks. This is appar-
ently true of most, if not of all, minor and trace elements
(Erickson, 1973). The shape of the U distribution curve, and
presumably the curves of many other metals as well, is there-
fore determined more by the efficiency of the concentrating
processes than by element availability.

2.  The actual grade-tonnage relation is complex but does
not appear to be bimodal or multimodal. The large gap between
the dashed envelope in Figure 3.2 and the distribution of U
in the category of original inventoried resources is probably in
part due to a lack of economic interest and hence an under-
estimation of the quantity of U in mineralized ground contain-
ing only a few hundred ppm of U. The true slope of the grade-
tonnage relation for U is critical for energy resource planning.

The much less well-established curves for other commodities
are important for economic policy.

3.   Phosphorites will almost certainly be the next major source
of U in the United States. Uranium as a by-product of phos-
phate mining can apparently contribute only a rather minor
fraction of the projected U needs. If phosphorites do become
a major source of U, very large quantities of by-product phos-
phate should become available for the fertilizer industry.

4.   Black shales could become important sources of U, es-
pecially if black shales comparable with the Swedish alum shales
were discovered and if the simultaneous recovery of energy
and the extraction of several metals from black shales becomes
a reality.

5.  Currently, high-U granites do not look attractive as sources
ofU.

The significance of the dashed envelope in Figure 3.2 is
perhaps debatable. However, it can be used at least to suggest
an answer to the question of whether the distribution of U is
lognormal over the entire concentration range of Figure 3.2.
Figure 3.3 is an attempt to fit lognormal distributions to the
envelope. The result is unsatisfactory. At U concentrations in
excess of 100 ppm the envelope can be described by the equation

log AT ==20.3 - 3.5 log *,

where x is the concentration of U in ppm. The form of this
equation is quite different from that of a lognormal distribution;
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FIGURE 3.3   Attempts to fit lognormal distribution curves to the
envelope of the grade-tonnage data for uranium in Figure 3.2.